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Abstract 
Agriculture is one of the most important economic activities that is related more than 
anything else to atmospheric conditions. Accordingly, in this study, we examine the effects of 
changes in temperature and rainfall on yields of wheat, rice and barley in Khuzestan province based 
on panel data including time series from 1993 to 2013 and cross-sectional data (5 cities in 
Khuzestan province that have the highest area under cultivation and yield for selected crops). The 
results indicated that temperature and rainfall have negative effects on wheat yield. Also, these 
variables positively affect rice, while in the case of barley they have negative effect on yield. On the 
other hand, changes in climate conditions lead to a decline in the yield of wheat, rice and barley by 
0.42%, 0.3%, and 0.61%, respectively. In addition, changes in climate condition in the period 1993-
2013 have led to decline in economic profit by 285.52 thousands Rials for wheat, rice and barley in 
2013. Based on the results of research, it is recommended that short-run and long-run weather 
forecasts should be taken into consideration to prepare and adopt the necessary measures to protect 
agricultural crops and prevent damage caused by adverse atmospheric and climatic factors in all 
stages of planting and harvesting. Also, creating a comprehensive insurance system for agricultural 
products to stabilize income from product yield can boost it. 
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Introduction 
In the past two decades, the consequences of climate change have been concerned at the 
forefront of related scientific research. All countries of the world whether developed or developing, 
are highly dependent on climatic condition, so that its changes will be effective on their many 
economic and even social and political sectors. It seems that among these sectors the agricultural 
sector is more sensitive and more vulnerable (Massah Bavani & Morid, 2005). Climate has major 
impact on the yield of agricultural products and changes in precipitation and temperature cause 
changes in the harvesting (Nassabian & Sadrolashrafi, 2003). Among agricultural products, because 
of their significant role in human nutrition, crops are more important. Hence, this study checks the 
effect of climate change on crop yields in Khuzestan province. According to what was mentioned, in 
total, the climate change could cause serious risks in reduction of farmers' income in the future. It is 
evident that the decline in farmer incomes will reduce their incentive to produce and this in turn can 
have a direct effect on the safety of food security and agricultural development. Therefore, the study 
and research on climate change and its economic effects on agricultural crop yields is necessary. 
Literature Review 
In recent years, scientists and specialists of agricultural sciences and climatology have done 
extensive research on agricultural climate that some of these studies have been discussed in 
continue. Karbasi and Ghafari (2008) investigated the effect of weather conditions on crop yields in 
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Iran by using Just-Pope production function. They concluded that the rainfall has positive effect and 
rainfall volatility has negative impact on wheat production. Alijani et al (2011) addressed the effect 
of temperature and rainfall on water wheat yield in Iran by using generalized least squares (GLS) 
estimation method. Their results showed that precipitation has a positive impact and temperature has 
negative impact on wheat yield and share of precipitation growth and temperature on wheat yield is 
-7.11% and -1.31%, respectively. Cokik et al (2005) studied the long run effects of weather changes 
on crops yield in Australia. They knew the irrigation management reform, the creation of new 
technologies and the use of drought-resistant species as strategies to deal with long run climate 
changes. Shwai Chen et al (2013) investigated the economic effects of climate change on yield of 
corn and soybeans in China by using econometric panel data technique. The results showed that 
there are some nonlinear and asymmetric relationship between corn and soybean yield and climatic 
variables and change in climate conditions has led to a reduction in farmers' incomes. 
Materials and methods 
In order to examine the effect of climatic factors on the yield of agricultural products, the 
effect of climatic factors on the yield of wheat, rice and barley is investigated in the framework of 
panel data. The general form of panel data model is as follows: 
𝑌𝑌it = µ + ∑k=1k βkXkit + αi + uit                                         (1) 
Where, αi∗ = µ + αi. µ is called average intercept and αi refers to the difference of different 
cross-sectional units from the average intercept. If αi is fixed, the model is so called fixed effects 
model in which unobservable effects have entered into the constant term of regression and this 
model is estimated by using least squares regression with dummy variables or differencing method. 
The term “fixed effects” comes from the fact that despite difference in intercept among units (cross-
sections), the intercept of each unit remains fixed over time. But, if these unobservable effects to be 
random, we face a model named random effects model which called error components model as 
well and is estimated by generalized least squared method. Thus, when using panel data various tests 
should be done to recognize the proper estimation method that the most commonly of them are F 
test, LM test and Hausman test that are specifically used for selecting one of the fixed effects, 
random effects or pooled data models, so that if data are not randomly selected from lot of data the 
fixed effects model is used, but if data are randomly selected both fixed effects and random effects 
models are firstly estimated and then the Hauseman test is used. If the test statistics indicates 
estimate by using fixed effect model, this model is estimated, but if the statistics is indicative of 
model estimation by using random effects model, LM test should be done to choose between 
random effects and pooled data models (Alijani et al, 2011). Assuming that the right model is 
selected based on the above tests and data type, one should ensure that the regression is not spurious 
due to the non-stationary of model variables which this achieved through panel data unit root tests. 
These tests include Levin and Lin test, Britong and Meyer, Im, Pesaran and Shin test, Madala and 
Wu test. According to the theoretical foundations of research the empirical model is presented as 
follows:  Yit = Zitβ + LUCitγ + Pitδ + Ci + εit                                                                                     (2) 
Where, Yit is the logarithms of product yield in the city i and in the year t; Zit includes the 
weather variables of temperature and precipitation and their quadratic forms to determine non-linear 
effects of these variables on product yield. LUCit represents a change in the use of area’s lands in the 
city i and in the year t. Product prices and input prices are defined by Pit. Ci is the fixed effect used 
for each city and the time is constant that is used to control the methods of agricultural production in 
the region and  εit is the error term. To calculate the variable LUC in both intensive and extensive 
margin (increasing the yield per unit area and cultivating more land) cultivated hectares in previous 
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years are used. According to all the aforesaid and to achieve the objectives of the study, the yield 
relationship related to the three crops of wheat, rice and barley is firstly estimated and ultimately, to 
gain a clear understanding of the amount of measurements, the percentage change in the yield of 
crops in 2013 that is due to the climate change is obtained from the following equation: 
δ = E(Y  Z1993,LUC,P)−E(Y  Z2013,LUC,P)
E(Y  Z2013,LUC,P)                                                                                          (3) 
    In other words, δ measures the percentage change in crop yields due to changes in weather 
conditions during the period 1993-2013 that considering the price of goods one can calculate profit 
or loss resulting from climatic conditions on crop yields. Also, according to the equation (3), the 
equation (4) may be written as follows: 
δ = β(Z1993−Z2013)(Y Z2013,LUC,P)                                                                                                                    (4) 
In equation (4) 𝛽𝛽 is the coefficient of the effect of weather variables on crops yield. 
Replacing 𝛽𝛽 by estimated coefficient gives an estimate of δ. 
Data and estimation method 
According to the desired goals in this study, the studied variables are climatic variables 
including temperature and precipitation, farming variables including total production of crops, crop 
yield, the amount of hectares cultivated and ultimately, price variables which including product 
prices and the prices of production inputs. The data were gathered from Agriculture Organization of 
Khuzestan province as well as Meteorological Organization.  
Results 
Climate impact on wheat yield 
In order to estimate the proper model, the fixed effect model is used. 
Table 1: The estimation of yield function of wheat  
Variable Coefficient t-statistics Prob 
Intercept 19.407** 2.534 0.020 
Time trend 0.190** 0.915 0.037 
Quadratic form of Time trend -0.015ns -0.953 0.342 
Temperature -3.496** -1.608 0.012 
Quadratic form of temperature -0.064** -0.981 0.032 
Precipitation -0.032* -0.264 0.079 
Quadratic form of Precipitation 0.118*** 3.259 0.001 
Wide margin -0.002* -0.241 0.081 
Compressed margins -0.001* -0.196 0.084 
The ratio of production price to fertilizer -0.315** -1.262 0.022 
The ratio of production price to wage -0.066** -0.550 0.058 
Fixed effects Ahwaz 0.364 - - 
Dezfol 0.106 - - 
Khoramshahr 0.031 - - 
Shadegan -0.618 - - 
Shosh 0.089 - - 
𝑅𝑅2 0.90 - - 
F 15.557*** - 0.000 
 Source: Research Findings. (ns: no significant, *significant at 10% level,** significant at 5% 
level, *** significant at 1% level)  
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According to Table (1) the coefficient of variable time in this model shows that technological 
progress will increase the crop yield by 19%. On the other hand, quadratic form of time trend 
representing non-linear effects of time on crop yield is not significant. Variables of temperature and 
precipitation have also a negative relationship with yield, so that variation in temperature and 
precipitation causes the yield to be changed by 349% and 2.3%, respectively in the opposite 
direction. Also, the quadratic form of temperature and precipitation is considered to show non-linear 
effects of climate variables on wheat yield that non-linear form of temperature has negative 
relationship with yield that by its variation the wheat yield oppositely changes by 6.4%. On the other 
hand, quadratic form of precipitation has a positive relationship with the yield so that, by 1% change 
in precipitation amount the crop yield will change in the same direction. Two variables of wide 
margin and compressed margin have also a negative relationship with the yield so that, with the 
rapid expansion of wheat production areas in marginal lands and lands that have been devoted to 
other crops, wheat yield will decline by 0.2% and 0.1%. The variable of the ratio of product price to 
fertilizer price has also a negative relationship with yield so that, an increase in fertilizer price 
increases the production costs and decreases crop yield by 31.5%. in addition, the variable of the 
ratio of product price to wage is negatively associated with yield so that, with increasing wage the 
usage of labor declines that causing yield to be decreased by 6.6%.  
Climate impact on rice yield 
In order to estimate the proper model, the fixed effect model is used. 
Table 2: Estimating the yield function of rice  
Variable Coefficient t-statistics Prob 
Intercept -1.510ns 0.198 0.844 
Time trend 2.337ns 1.012 0.321 
Quadratic form of Time trend 0.065*** 4.047 0.0001 
Temperature 1.173** 1.012 0.032 
Quadratic form of temperature -0.014ns -.233 0.815 
Precipitation 0.134** 0.922 0.036 
Quadratic form of Precipitation 0.041ns 1.189 0.237 
Wide margin 0.025** 2.163 0.041 
Compressed margins 0.012** 1.378 0.018 
The ratio of product price to fertilizer 0.174** 0.853 0.040 
The ratio of product price to wage -0.111** -0.770 0.044 
Fixed effects Ahwaz -0.025 - - 
Dezful 0.275 - - 
Khorramshahr -0.183 - - 
Shadegan -0.183 - - 
Shosh -0.019 - - 
𝑅𝑅2 0.54 - - 
F 2.442*** - 0.003 
 Source: research findings. (ns: no significant, *significant at 10% level,** significant at 5% 
level, *** significant at 1% level)  
 The results reported in table (2) indicate that the coefficient of the variable time is not 
significant and technological changes have no effect on yield of rice, while the quadratic form of 
time is significant with a coefficient of 6.5. The variables of temperature and precipitation have also 
a positive impact on yield so that, 1% increase in temperature and precipitation will increase the 
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yield by 117.3% and 13.4%, respectively. Also, quadratic form of temperature and precipitation 
which are considered to show the non-linear effects of climatic variables on the yield of rice are not 
significant. The two variables of wide margin and compressed margin have a positive impact on 
yield as well, so that with the rapid expansion of wheat production areas in marginal lands and lands 
that have been devoted to other crops, rice yield increases by 2.5% and 1.2%. The ratio of product 
price to fertilizer price has also a negative relationship with yield, so that an increase in fertilizer 
price increases the production costs and decreases crop yield by 17.4%. in addition, the variable of 
the ratio of product price to wage negatively affects yield, so that with increasing wage the usage of 
labor declines that causing yield to be decreased by 11.1%.  
 Climate impact on barely yield  
Table 3: Estimating the yield function of barely 
Variable Coefficient t-statistics Prob 
Intercept 12.307ns 1.412 0.172 
Time trend 0.296ns 0.581 0.566 
Quadratic form of Time trend -0.093*** -3.097 0.002 
Temperature -3.981ns -0.823 0.419 
Quadratic form of temperature -0.122ns -1.015 0.312 
Precipitation -0.265ns -0.934 0.360 
Quadratic form of Precipitation 0.144** 2.175 0.032 
Wide margin -0.010* -0.418 0.067 
Compressed margins -0.005* -0.364 0.071 
The ratio of product price to fertilizer 0.528** -1.408 0.017 
The ratio of product price to wage -0.022* 0.453 0.065 
Fixed effects Ahwaz 0.476 - - 
Dezful -0.018 - - 
Khorramshahr 0.025 - - 
Shadegan -0.372 - - 
Shosh -0.106 - - 
𝑅𝑅2 0.52 - - 
F 2.122* - 0.066 
Source: research findings. (ns: no significant, *significant at 10% level,** significant at 5% 
level, *** significant at 1% level)  
Table (3) indicate that the coefficient of the variable time is not significant in this model and 
technological changes have no effect on yield of barely, while the quadratic form of time is 
significant with a coefficient of 9.3%. The variables of temperature and precipitation and quadratic 
form of temperature are not significant and hence have no effect on barely yield, while quadratic 
form of precipitation showing the effect of non-linear changes on crop yield is significant and has a 
positive impact on crop yield with a coefficient of 14.4. The two variables of wide margin and 
compressed margin have a negative effect on yield, so that with the rapid expansion of wheat 
production areas in marginal lands and lands that have been devoted to other crops, barely yield 
declines by 1% and 0.5%. The ratio of product price to fertilizer price has also a negative 
relationship with yield, so that an increase in fertilizer price increases the production costs and 
decreases crop yield by 52.8%. Moreover, the variable of the ratio of product price to wage 
negatively affects yield, so that with increasing wage the usage of labor declines that causing yield 
to be decreased by 2.2%. 
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In order to economically investigate the effects of climatic variables on the yield of 
agricultural products the equation (4) is used and results are reported in table (4) below. 
Table 4: Economic importance of climate change on yield of agricultural products 
The effect of climate change in the period of 1993-2013 on wheat yield in 2013 
Climate variables δ% Product decrease (Tones) Cost (thousand Rials) 
Temperature 0.46 629.39 142.25 
Precipitation -0.04 -90.08 -20.48 
Total 0.42 539.31 121.77 
The effect of climate change in the period of 1993-2013 on rice yield in 2013 
Climate variables δ% Product decrease (Tones) Cost (thousand Rials) 
Temperature 0.29 1229.98 116.76 
Precipitation 0.01 139.67 13.26 
Total 0.3 1369.65 130.02 
The effect of climate change in the period of 1993-2013 on barely yield in 2013 
Climate variables δ% Product decrease (Tones) Cost (thousand Rials) 
Temperature 0.59 136.69 15.49 
Precipitation 0.02 160.86 18.24 
Total 0.61 297.55 33.73 
Source: research findings 
In the table (4), δ is the percentage change in crop yields in 2013 under the climatic 
conditions of 1993. Negative values represent benefits resulting from climatic changes and positive 
values indicate a decrease in profit due to climate changes. In order to calculate the amount of 
damages and reduction in product level, the amount of damages for each city by changes in crop 
yields and harvested area is firstly calculated in 2013 and then this amount is calculated for the total 
of cities. In order to estimate the profit decline as a result of climate change, the value of the product 
reduction (damage) has been multiplied by product price in 2013. 
As seen in Table 4, generally, a change in weather conditions causes a decrease in the yield 
of wheat, rice and barley by 0.42, 0.3, and 0.61%, respectively. On the other hand, a change in 
weather conditions during 1993-2013 has led to a decrease in economic profit by 285.52 thousands 
Rials in wheat, rice, and barely in 2013.  
Discussion and Conclusion 
Results of the estimation of crops yield showed that the majority of estimated coefficients are 
significant and the variables of temperature and precipitation have negative effect on wheat yield, 
positive effect on rice yield and negative effect on barely yield. Also, economic investigation of 
climate changes on yield of agricultural products indicated that changes in weather conditions 
caused a decrease in the yield of wheat, rice and barley by 0.42, 0.3, and 0.61%, respectively. On the 
other hand, a change in weather conditions during 1993-2013 has led to a decrease in economic 
profit by 285.52 thousands Rials in wheat, rice, and barely in 2013.  
In general, climate change and global warming in the future may cause serious threats for 
yield reduction and consequently, production reduction and of course, will lead to the reduction in 
incentive to produce and this in turn may has indirect effects on the pattern of trade, development 
and food security. Therefore, considering the results the following is recommended: 
Given the country's vulnerability to the phenomenon of climate change, training farmers in 
order to prevent a decline in crop yields including paying attention to short-term and long-term 
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weather forecasts to prepare and adopt the necessary measures to protect agricultural products and 
prevent damage caused by adverse climatic factors in all stages of planting and harvesting is 
recommended. Creating a comprehensive insurance system for agricultural products to stabilize 
income from the product yield can boost this. Due to climatic conditions and cultivation type of each 
region, climate change can have positive and negative effects on agricultural production. Therefore, 
it is recommended that the effects of climate change on yield of country’s strategic products to be 
separately checked for regions or provinces through which one can obtain the best cropping pattern 
for vulnerable areas. For this purpose it is necessary that experts of agriculture, climate and 
economists have a close cooperation and relationship. 
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